injured soccer athletes. [30] [31] [32] Soccer was also the sport that most frequently gave rise to ankle injuries that caused posttraumatic ankle arthritis, 33 with one study quoting 33% of injured ankles developing radiographic signs of arthritis after 25 years. 15 This risk of developing arthritis was greater than that compared to the noninjured soccer players and agematched general population controls. On the other hand, another study reported only a 1.6% overall incidence of ankle osteoarthrosis in soccer players, when the definition of ankle OA was strictly narrowed to be a loss of joint space and formation of new bone at the articular surface via radiography. 32 
Knee Osteoarthritis in Soccer
Among former professional soccer players, the radiographic signs of knee OA in soccer players increased with age in a greater percentage than in the general public. 34 Radiographic signs of knee arthritis were present in 15.5% to 63% of injured knees 11, 15, 34, 35 ; however, the rate of clinical symptoms was significantly less. The prevalence of radiographic signs of knee OA was also greater among elite soccer players compared to controls and nonelite players. 11 Thus, the authors concluded that soccer is associated with an increased risk of knee OA, especially at an elite level. Soccer players were also younger when they were diagnosed with knee OA. However, there was no difference in knee OA risk between the nonelite and controls when soccer players with known knee damage were excluded from the analysis.
Among patients with radiographic signs of knee OA, soccer was one of the sports that was significantly related to knee OA among men. 36 This increased risk of knee OA with soccer remained after adjusting for body mass index (BMI), heredity, smoking, and occupation but not after adjusting for previous knee injuries. Similarly, when patients undergoing total knee replacement were examined, there was an increased relative risk of severe knee OA among men aged between 55 and 65 years who were highly exposed to soccer. 37 On the other hand, some studies showed no difference in the frequency of radiograph-confirmed knee OA between former elite soccer players and controls. 28, 38 Paradoxically, subjects having symptomatic knee OA were more frequent in the control group than in the former soccer player group, despite the more severe radiological structural damages in the latter. 28 
Hip Osteoarthritis in Soccer
In addition to the ankle and the knee, many studies report a higher incidence of hip OA in former soccer players compared to age-matched controls. 12, 38, 39 The prevalence of hip OA between these two groups was significantly different, with an odds ratio of 10.2. 39 It was also determined that hip OA in former elite soccer players was three times more common compared to nonelite players. 12 Soccer players were diagnosed with hip OA at a younger age, similar to the knee OA findings. Among men who recently received a prosthesis due to severe idiopathic hip osteoarthrosis, there was an increased risk among men with medium and high exposure to soccer. 40 Nonetheless, soccer was not one of the most hazardous sports, which included track and field sports and racket sports.
Studies have variable findings, primarily due to the different methodologies used; the outcome definition and criteria were rarely consistent across studies. Structural outcomes, such as radiographic changes, do not correlate well with patient-relevant aspects, such as pain and function. 41 However, long-term soccer training/playing seems to increase the risk for early development of OA in the lower extremities, and this risk is higher in professional players.
Pathogenesis of Soccer-Related Osteoarthritis
The most common soccer injuries are sprains and strains affecting mainly the ankle and knee joints. A single game of soccer has not been shown to directly result in increased cartilage breakdown products 42 ; however, soccer may increase the risk for OA in two different ways: (1) directly by high loading on the articular cartilage that leads to primary OA and (2) indirectly by damaging the extra-cartilage soft tissue structures within the joint that will subsequently lead to joint instability and secondary OA. 29 The intensity and duration of a sporting activity increase the occurrence of arthritic impairment. 28 
Primary Osteoarthritis
The articular cartilage surface can be damaged through sports participation via a single or repetitive impact or torsional loadings. The hip and the knee are the two main locations that may develop OA due to traumatic joint loading. 29, 43 Direct acute trauma with an osteochondral impact may induce progressive cartilage damage and ultimately lead to OA. 28 Some studies that reported an increased risk of former elite soccer players to develop hip OA also postulated that compression of the joint surface and sudden shock to the joints can cause cartilage degeneration. 12, 39 Potential mechanisms for the rapid progression of OA after such an injury are extensively studied in both in vitro and in vivo settings, and studies have shown that matrix degradation, chondrocyte death, and/or abolishment of anabolic functions occur after impact to articular cartilage. Chondrocyte death leads to biochemical changes of the extracellular matrix and weakening of its biomechanical properties. In vitro studies on human cartilage explants have also shown significantly increased glycosaminoglycan (GAG) breakdown and release from the injured versus unloaded intact cartilages during 0 to 3 days postinjury. 44, 45 Since the mechanical properties of articular cartilage are largely defined by the GAG content, GAG loss is both a sign and stimulator of deterioration of load-bearing cartilage function. Chondrocyte apoptosis rate in the human explants study also correlated with the GAG findings, with significantly higher apoptosis in the loaded (34%) versus control explants at 96 hours postinjury. 44 
Secondary Osteoarthritis
Indirect cartilage injury and subsequent arthritis development due to joint instability induced by damaging the extra-cartilage soft tissue structures that leads to chronic joint injury is a common soccer-related pathological process for the knee and ankle joints. Pathologic changes in all joint components, not just the cartilage, are an integral part of OA.
Ankle. When the mechanism of injury was investigated, 49.3% to 55% of all ankle sprains occurred during athletic activity, with soccer being one of the most common athletic activities. 33 Most ankle sprains involve the lateral ligament complex of the ankle joint. 15, 30 Posttraumatic OA of the ankle accounts for more than 70% of ankle arthritis. 33 The overall mean latency time for the development of ligamentous posttraumatic ankle OA is 34.3 years, with a range of 6 to 57 years. 33 There was a significant difference between the patients with a single severe ankle sprain and with recurrent ankle sprains, with longer latency time with the latter group.
Knee. The knee anterior cruciate ligament (ACL) and menisci injuries are common in the general population and in soccer players. Studies report 24% to 40% and 21% to 31% of soccer injuries in the knee joint were ligamentous and meniscal injuries, respectively. 5, 13, 17, 19, 23 Injuries to the ACL and menisci are believed to be the main reason for the increased risk of knee OA in soccer players. 46 Both ACL and menisci injuries have been shown to be followed by arthritic changes of the knees. 17 In addition to the initial high force that damages intra-articular structures involved in the trauma, 11 the ACL and menisci disruptions initiate a cascade of pathogenic processes in the acute phase that can lead to the development of OA in itself. 41 There are also findings of greatly increased concentrations of markers of cartilage matrix metabolism in joint fluid in connection with trauma. 47 In addition to acute effects, the lack of a functionally normal ACL or meniscus leads to chronic changes in the static and dynamic loading of the knee and increased forces on the cartilage and other joint structures.
ACL injury and osteoarthritis in soccer players. The ACL is the most commonly disrupted knee ligament. 41, 47 Nearly 40% of all soccer-related knee injuries are ACL injuries, 47 and a risk increase has been estimated at 100 to 1000 in professional soccer. 16, 48 A complete ACL tear usually causes a long layoff from soccer and may even end the athletic career. 49 Soccer athletes sustain more ACL injuries than basketball players when compared by sex. 50 Nonetheless, isolated ACL ruptures are uncommon due to the high impact of the trauma, and it is often associated with injuries to other intra-articular structures. A meniscal injury most frequently accompanies an ACL injury: it is associated with 50% to 75% of all acute ACL cases. 3 The mechanism responsible for cartilage degeneration following ACL injury is unclear. Biomechanical instability of the joint does not appear to be the only factor, and additional biochemical factors, such as inflammatory cytokines from synovitis, are also important. Dogs that underwent surgical transection of the ACL had significant elevation of cartilage breakdown products, collagenase-generated cleavage epitope of type II collagen, and cross-linked peptides from the C-telopeptide domain of type II collagen in their joint fluid at 3 and 12 weeks postoperatively. 51 The long-term clinical consequences of ACL rupture in soccer players have also been well studied: soccer players with an ACL tear are also more likely to develop knee OA than those players with intact ACL.
3 At 12 to 14 years after an ACL tear, 75% of soccer athletes had significant symptoms, and 41% to 77% had radiographic knee OA. 46, 52 Additional meniscus injury requiring surgery was the most significant factor that may strongly influence the long-term symptoms and OA prevalence after ACL injury. 52 The effect of ACL reconstruction on the subsequent development of knee OA has been controversial. Most studies report that the increased risk of development of OA following ACL injury remains unchanged regardless of the surgical ACL repair status. 41, 46 When the clinical and radiographic outcomes of surgical repair or nonsurgical ACL treatments were compared, it was reported that an ACL reconstruction itself did not reduce the risk of OA. 53 ACL repair also did not increase the subjective symptomatic scores; however, it did decrease instability problems. In conclusion, although ACL reconstruction may facilitate restoring the kinematics of the joint, it does not make the knee normal. 41 There is a lack of evidence to support a protective role of ACL reconstruction surgery against OA, both in athletes and in the general population. Hence, the ACL-injured knee, whether it is repaired or not, will be subjected to abnormal loading over time, significantly increasing the risk of OA.
Meniscus injury and osteoarthritis in soccer players. Sportsrelated acute injuries to the menisci are common; however, the incidence of meniscus injuries in soccer is not as clearly described as the incidence of ACL injuries. 29 ACL injuries, which are common in soccer, are associated with a meniscus tear in up to 75% of cases. 3 As well, some investigators say that soccer is first and foremost a hazard to the menisci since a blow to the knee while weightbearing is more likely to cause damage to the menisci than to the ligaments. 19 In a study on former elite soccer players compared to agematched controls, 14% of the former players had meniscal injuries resulting in meniscectomy versus 2% in the control group. 11 In another study, of the 33% of sports-related meniscal injuries resulting in meniscectomy, 5% were soccer related. 54 Finally, in a study comparing meniscal tear patients to controls, meniscal tear and knee cartilage injuries were strongly associated with participation in sports, especially soccer, during the 12 months preceding the onset of symptoms. 55 One of the treatments available for meniscal injury is total meniscectomy. However, this results in increased load stresses on the underlying articular cartilage and development of knee OA. The degree of OA has also been shown to be directly proportional to the amount of meniscus removed. 56 Hence, meniscal tears are a potent risk factor for the development of knee OA, regardless of the surgical status. 13 However, as stressed above, meniscus lesions combined with ACL tear are associated with the greatest risk of OA development. 15 In comparison to ACL patients, patients with isolated meniscus injury were about 10 years older when they had a comparable stage of OA. 47 About 50% of meniscal injury patients with a partial or total meniscectomy have both symptomatic and radiographic signs of OA of the knee 5 to 20 years after injury. 47, [56] [57] [58] [59] This represents an odds ratio of about 10 41 and relative risk of 14.0 59 for the presence of the more advanced radiographic changes compared with an age-and sex-matched control group without known knee injury. Among former soccer players, all players who had a meniscectomy presented radiological signs of OA 10 to 20 years after surgery, compared to 40% in players who had not undergone meniscectomy.
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Conclusion
Joint injuries, including ligament, meniscal, and cartilage injuries, are common in sports, especially in soccer. These soccer-related injuries are most common in the lower extremities, involving the knee, hip, and ankle. Subsequent cartilage damage of the affected joints is due to primary joint impact and/or secondary to the extra-cartilage soft tissue injuries that lead to joint instability and degeneration of articular cartilage. Although primary osteoarthritis from joint impact is frequently responsible for the development of osteoarthritis in the hip and knee, secondary arthritis associated with ligamentous injury occurs primarily in the ankle and knee. The anterior cruciate ligament and menisci are the two intra-articular soft tissues that most often get injured during soccer and also play a critical role in OA development. Unfortunately, currently available treatment strategies, surgical or conservative, are inadequate to prevent the development of OA. Hence, there is a strong need for the development of molecular, biological, and mechanical interventions to delay or prevent the onset of postinjury OA.
